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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** the word which can not be translated. 

3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] Automatic gears of the controller parameter characterized by to have a means correct the 
parameter of said PI controller or a PID controller, according to the deflection of the ideal control- 
system model which considers said control command as an input and outputs the controlled-variable 
actual value of an ideal in the equipment which gives the deflection of a control command and the 
controlled-variable actual value of a plant to PI controller or a PID controller, and carries out the 
closed loop control of the plant, and the controlled-variable actual value of said ideal and the 
controlled-variable actual value of a plant. 

[Claim 2] Means to correct said parameter in automatic gears according to claim 1 are the automatic 
gears of the controller parameter characterized by being what contained in 2 input two-layer linearity 
neural network. 

[Claim 3] Automatic gears of the controller parameter characterized by constituting said ideal 
control- system model in automatic gears according to claim 1 or 2 as a control load of the non- 
closed loop which does not contain PI controller or the PID controller of this **. 
[Claim 4] Automatic gears of the controller parameter characterized by constituting said ideal 
control-system model in automatic gears according to claim 1 or 2 as a control system of the closed 
loop containing PI controller or the PID controller of this **. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the equipment which carries out regulating 
automatically of the parameter of a controller on-line so that optimum control may be made to 
perform in the system which controls a motor rotational frequency or a pressure in a plant etc. using 
PI controller or a PID controller. In addition, in each drawing, the same sign shows the same or a 
considerable part below. 
[0002] 

[Description of the Prior Art] Drawing 4 shows the transfer function block diagram of the speed- 
control loop formation of the motor using the conventional PI controller. Setting to this drawing, 1 is 
Gain K and the reset time TI as a parameter. PI controller which it has, and 2 show the current 
control system of a motor, and 3 shows each transfer function of the mechanical system of a motor. 
[0003] Drawing 4 expresses the following things. Namely, rate command Nref Rate actual value 
Nact It is given to the PI controller 1, and deflection becomes torque command tau* (= current 
command), and is given to the current control system 2. In addition, the current control system 2 is a 
time constant Ta. It can express as a primary delay transfer function. The difference of the current 
actual value as an output of the current control system 2 therefore the torque actual value tau, and 
load torque tauLOAD joins the motor mechanical system 3 of the machine time constant J based on 
moment of inertia, and the output is the rate actual value Nact. It becomes. 

[0004] By the way, generally it is the rate command Nref to perform optimum coordination of the 
parameter of the conventional PI controller 1 . The step response trial added in the shape of a step is 
carried out, and it is the rate actual value Nact. They are Gain K and the reset time TI, seeing a 
response. The approach of changing is used. 
[0005] 

[Problem(s) to be Solved by the Invention] However, by the conventional approach, the parameter of 
PI controller is determined in the initial state of plant operation, and correction is not made to change 
of the loaded condition after operation, or change of a mechanical system. Therefore, there was a 
trouble that a control system shifted from an optimum-coordination condition to change of a load 
(the amount of inertia). 

[0006] Then, let it be a technical problem for this invention to offer the automatic gears of the 
controller parameter which detects change of the condition by the side of a load as deflection of a 
controlled variable, changes the parameter of PI controller on-line, and can always maintain an 
optimum-coordination condition. 
[0007] 

[Means for Solving the Problem] In order to solve the aforementioned technical problem, the 
automatic gears of claim 1 In the equipment which gives the deflection of control commands (rate 
command Nref etc.) and the controlled-variable actual values (rate actual value Nact etc.) of a plant 
to PI controllers (1 etc.) or a PID controller, and carries out the closed loop control of the plant The 
ideal control-system model which considers said control command as an input and outputs the 
controlled-variable actual values (model output signal NT etc.) of an ideal (ideal load model 5 etc.), 
According to the deflection of the controlled-variable actual value of said ideal, and the controlled- 
variable actual value of a plant, it should have means (parameter correction section 02 etc.) to correct 
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the parameters (proportional gain KP, integral gain KI, etc.) of said PI controller or a PID controller. 
[0008] Moreover, in the automatic gears of claim 2, it sets to automatic gears according to claim 1. A 
means to correct said parameter is made to be included in 2 input two-layer linearity neural networks 
(10 etc.). Moreover, the automatic gears of claim 3 constitute said ideal control-system model in 
automatic gears according to claim 1 or 2 as a control (it has current control-system time constant 
Ta, ideal equivalence machine time constant TL, etc.) load of the non-closed loop which does not 
contain PI controller or the PID controller of this **. 

[0009] Moreover, the automatic gears of claim 4 constitute said ideal control-system model in 
automatic gears according to claim 1 or 2 as a control system of the closed loop containing PI 
controller or the PID controller of this (optimum coordination was carried out to the control load 
with the current control-system time constant Ta and the ideal machine time constant JM etc.) **. 
[0010] 

[Function] The load model of an ideal or the control-system model of an ideal is prepared, and it is 
the same rate command Nref. Rate actual value NT of the ideal which gives and is obtained from 
said model Rate actual value Nact in an actual plant According to a difference (NT-Nact), the 
parameter of PI controller (or PID controller) is corrected. 2 input two-layer linearity neural network 
can be used for this correction. 
[0011] 

[Example] Drawing 5 decomposes and shows the transfer function expression of the PI controller 1 
of drawing 4 . That is, the transfer function expression K of drawing 4 (1+1/sTI) is expressed with 
drawing 5 (A), and drawing 5 (A) is further rewritten by drawing 5 (B). That is, if the transfer 
function expression of PI controller of drawing 4 is decomposed, it is the rate command Nref like 
drawing 5 (B). Rate actual value Nact Deflection eP The value which multiplied by proportional gain 
K (= KP), and deflection eP Integral value el It turns out that it is the sum with the value which 
multiplied by gain (it is called integral gain) K/TI (= KI). 

[0012] Drawing 1 is the transfer function block diagram of the motor control loop of the plant as one 
example of this invention. In this drawing, the PI controller 1 is decomposed into an integrator 01 
and the parameter correction section 02, as drawing 5 (B) described, namely, proportional gain KP of 
the above-mentioned [ the parameter correction section 02 ] And integral gain KI from ~ it becomes. 
And the ideal load model 5 is newly built into the control system of drawin g 1 . 
[0013] Drawing 2 shows the example of the ideal load model (that is, plant load control system 
which shows an ideal response) 5. That is, this drawing (4) is primary delay transfer function 1/ 
(1+sTa) of the current control system 2 which considered that an ideal load model was the equivalent 
motor load of an ideal, and stated this by drawing 4 , and the equivalence machine time constant TL 
of an ideal. It expresses with a serial system (product) with primary delay transfer function 1/ 
(1+sTL) which it has. 

[0014] Moreover, drawing 2 (B) is the machine time constant JM of an ideal about the machine time 
constant J based on the moment of inertia of the motor mechanical system [ in / for the motor control 
loop as an ideal load model / the control loop of drawing 4 ] 3. It replaces and they are proportional 
gain [ of the PI controller 1 ] K, and the reset time TL They are the current control-system time 
constant Ta of this model, and the above-mentioned ideal machine time constant JM, respectively. 
Optimum-coordination value KM which becomes settled And TM It replaces and expresses. 
[0015] Rate command Nref same in the control circuit of drawing 1 Model output NT when giving 
the above-mentioned ideal load model 5 (rate actual value of an ideal) Rate actual value Nact when 
giving the control system of an actual plant It responds to the amount of deflection (NT-Nact), and is 
proportional gain KP at the parameter correction section 02. And integral gain KI It corrects 
automatically. The algorithm of this correction is shown by a degree type (1) and (2). 
[0016] 
[Equation 1] 

KP n+1 =KP n+alpha-(NT n-Nact n) -eP n ... (1) 
KI n+1 =KI n+alpha-(NT n-Nact n) -el n ... (2) 
However, eP : Velocity error (=Nref-Nact) 
el : eP Integral value (=eP - (Ws)) 

alpha: The proportionality constant defined beforehand and KP, KI, NT, Nact, eP, and el n of the 
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right shoulder of each value is these value KP -el(s). It is shown that it is the value used at the time 
of the amendment count which is the n-th time, (n+1) of the right shoulder of KP and KI is this KP 
and KI. It is shown that it is the value acquired by the amendment count whose value is the n-th time 
(that is, used for the n+lst amendment count). 

[0017] Thus, the ideal load model 5 which makes a rate command (Nref) an input signal is built in PI 
controller, and it is the model output signal NT. Rate actual value Nact It responds to the amount of 
deflection and they are the controller parameter KP and KI. By applying an amount for correction 
with the algorithm of a formula (1) and (2), KP and KI are automatically defined so that the behavior 
of a real plant may be followed at the behavior of the ideal load model 5. 

[0018] By the way, the parameter correction section 02 and the adder 03 in the PI controller 1 of 
drawing 1 can be transposed to 2 input two-layer linearity neural network so that it may state below. 
Drawing 3 shows 2 input two-layer linearity neural network's 10 general structure. That is, this 
neural network 10 is two inputs II of a processing object, and 12. It has each input terminal, the input 
terminal of the error err at the time of study, and the output terminal of one output O. an input II and 
12 **** — each weight Wl and W2 It is hung and the sum (Wl and I1+W2, and 12) serves as a 
neural network's 10 output O. And switch SW1 When it turns on and this neural network 10 is made 
into learning mode, it is actually based on the error err with an output with the ideal output as a 
teacher signal, and is weight Wl and W2 by the amount count section 1 1 of corrections. Each 
receiving amount deltaWl of corrections, and deltaW2 It is calculated and is weight Wl and W2. It 
is amended. This amendment count can be made to perform, as shown in a degree type (3) and (4). 
[0019] 
[Equation 2] 

Wl n+1 =W1 n+deltaWl n =W1 n+ alpha-errn -II n ... (3) 
W2 n+1 =W2 n+deltaW2 n =W2 n+ alpha-errn -12 n ... (4) 

however — alpha: — the proportionality constant defined beforehand and Wl, deltaWl, W2, 
deltaW2, err, II, and 12 n of a right shoulder These value Wl -12 It is shown that it is the value used 
at the time of the amendment count which is the n-th time, and it is Wl and W2. (n+1) of a right 
shoulder is this Wl and W2. It is shown that it is the value acquired by the amendment count whose 
value is the n-th time (that is, used for the n+lst amendment count). Therefore, it is each value of II 
of drawing 3 , 12, Wl, W2, err, and O [0020] 
[Equation 3] 

II ->ePI2 ->eIWl ->KPW2 ->KIerr-> (NT-Nact) 

By replacing like 0->tau *, the parameter correction section 02 and the adder 03 of drawing 1 will 

replace 2 input two-layer linearity neural network 10. 

[0021] 

[Effect of the Invention] Since according to this invention the ideal load model which makes an input 
signal the control command given to the control system of a plant, and makes the controlled-variable 
actual value of an ideal an output signal is made to build in the control device of a plant and it was 
made to carry out regulating automatically of the parameter of said controller through 2 input two- 
layer linearity neural network etc. according to the amount of deflection of the output signal of an 
ideal load model, and the controlled-variable actual value of a plant, the following effectiveness can 
be acquired. 

[0022] 1) Optimum coordination can always carry out on-line to the plant load machine time 
constant of arbitration. 

2) Also set for the load with which a machine time constant is changed by operational status, and 
they are the controller parameter KP and KI automatically. It changes and an optimum-coordination 
condition is maintained. 
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